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The results of searches for D°-DY mixing in the decays D9 — K+t7n~ 7% and D® —» K+tn—ntzn—,

using 230fb~1 of ete~

collisions collected from the BABAR detector at the PEP-II storage ring

at SLAC, are presented. The combination of results from these analyses yields a value for the
time-integrated mixing rate Ry, = (0.020 fg:g}é(stat.))%, and an upper limit Ry; < 0.042% at
the 95% confidence level. The data in these analyses are consistent with the no-mixing hypothesis

at the 2.1% confidence level.
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1. Introduction

Although K% K° mixing and B%-B° mixing
are well established, D°-D° mixing has not
yet been observed. As this particular mixing
phenomenon is sensitive to new physics in a
complementary manner to the K and B sys-
tems, it is an essential test of the complete-
ness of the Standard Model. However, unlike
B-mixing phenomena, which can be accu-
rately calculated in the Standard Model from
box diagrams, D-mixing phenomena are dif-
ficult to calculate because of dominant con-
tributions from long-distance effects. A thor-
ough review of D mixing is given in Ref. 1,
and recent experimental results are discussed
in Ref. 2.
The two mass eigenstates

|Da,) = p|D°) + q|D°) (1)

generated by mixing dynamics have differ-
ent masses (ma,p) and widths (I'4 p), and
we parameterize the mixing process with the
quantities

mp —ma I'p—-Ta 2)
Fp+T4’ 'p+Ta’

If CP is not violated, then |p/q| = 1. The
time-integrated mixing rate is approximately

(3)

Yy =

Rar = (22 + /2.
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Fig. 1. Dalitz plots and projections for the decays

D% — K—7nt70 (left) and D — K+7x— 79 (right).
A statistical background subtraction® and a phase-
space dependent efficiency correction have been ap-
plied (i.e., candidates have been weighted).

This is a useful quantity that can be com-
pared among different experimental analyses.

Using 230fb~" of ete™ collisions col-
lected from the BABAR detector at the PEP-
IT storage ring at SLAC, we have searched
for evidence of D mixing in the decays
DY — Kt7= 7% and D° - Ktn—ntn~ by
analyzing the decay-time
distributions®*. Although the branching ra-
tio of DY — KT7~ 7% to D° — K~ 7t 7 has
been measured previously®®, this is the first
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Contours of constant Aln£ = 1.15,3 from the analysis of D% — Kt7~ 70, defining 68.3% and

95.0% confidence levels, respectively. The contours on the left are in terms of the integrated mixing rate,
Ry = (12 + y2)/2, and doubly Cabibbo-suppressed rate, RD, assuming CP invariance. The contours on
the right are in terms of \p/q|j[2 - Rps and the normalized interference between the mixing and doubly
Cabibbo-suppressed amplitudes, for the D° and D° samples separately.

search for mixing in D° — K+t7~ 7% Sim-

ilarly, the branching ratio
of D' - Ktn—7ntn™ to DY - K~ ntntn~
has been measured previously® ™8, but only
one previous search for mixing in the decay
D% — K*r—nt7~ has been performed”.

In each of the individual analyses, two
similar final states are reconstructed. The
mode of most interest, described as the
wrong-sign (WS) mode, has both doubly
Cabibbo-suppressed contributions and con-
tributions from mixing. These two processes
may be distinguished in the decay-time dis-
tribution. The second mode reconstructed,
the right-sign (RS) mode, is Cabibbo fa-
vored, and is used as a normalization mode.

2. Analysis of D° —» K+tn—7°

Our analysis of D° — KT7~ 70 is described
in Ref. 3. The final state of the decay
D% — K7~ 7% may be reached through in-
termediate resonances, and these resonances
may be observed in the Dalitz plot for this
mode. We perform the mixing analysis in
a region of the Dalitz plot where we expect

to find the largest amplitude from mixing.
The Dalitz plots are shown in Fig. 1. We
observe that the Cabibbo-favored RS decay
DY — K~ 770 populates the Dalitz plot dif-
ferently from the WS decay. Because the
amplitude for decay following mixing is pre-
dominantly Cabibbo favored, we expect the
mixing amplitude to populate the Dalitz plot
as the RS mode does.
dominant contribution from D° — K~ p*
in the RS sample, consistent with previous
measurements'’, we enhance our sensitivity

Since we observe a

to the mixing amplitude by rejecting candi-
dates with two-body invariant masses in the
ranges 850 < m(K7*, K7°) < 950 MeV/c?,
corresponding to K* resonances. Contours

Table 1. Mixing-rate central values assuming CP
conservation. The first listed uncertainty is statisti-
cal, and the second (if present) is systematic.

Mode Rr

DY — Ktn—x0

DY - Ktn—ntn—

(0.023 * 9:918 £+ 0.004) %
(0.019 * 3:91¢ +0.002) %

Combined (0.020 + 0:010) %
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Contours of constant Aln £ = 1.15, 3 from the analysis of D? — K7~ 7t 7~ defining 68.3% and

95.0% confidence levels, respectively. The contours on the left are in terms of the integrated mixing rate,
Ry = (2% + 42)/2, and doubly Cabibbo-suppressed rate, Rp, assuming CP invariance. The contours on
the right are in terms of |p/q|*2 - Ry and the normalized interference between the mixing and doubly
Cabibbo-suppressed amplitudes, for the D? and D° samples separately.

enclosing two-dimensional coverage probabil-
ities of 68.3% and 95.0%, both in terms of
the mixing rate Ry, and the doubly Cabibbo-
suppressed rate RD, and in terms of Rj; and
the interference between the two amplitudes,
are shown in Fig. 2.

3. Analysis of D° - Ktn—ntn—

Our analysis of D° — Ktr—ntn™ is de-
scribed in Ref. 4. This final state also
proceeds through intermediate resonances.
However, we do not attempt to optimize the
sensitivity to mixing in this analysis by se-
lecting phase-space regions.

We note two experimental advantages
to using this mode compared to us-
D — K+tn— 7Y,

ing First, the signal-to-

Table 2. Central values of CP violation
in mixing. The first listed uncertainty is
statistical, and the second is systematic.

Mode Ip/4l

DO — Ktn— 70

DY Ktn—ntn—

2.2 7198 +0.1
11 T390 £o1

background ratio is almost twice as large, re-
sulting in a better statistical separation of
signal from background when fitting to the
sample. Second, the decay-time resolution is
better. For the decay D° — K779, the
mean value of the decay-time distribution is
0.43ps, and a typical value is 0.23 ps; for
DY — Ktr—7ntr~, the mean is 0.29 ps and a
typical value is 0.16 ps. For comparison, the
DO lifetime is (410.1 4+ 1.5)fs'!.
enclosing two-dimensional coverage probabil-
ities of 68.3% and 95.0%, both in terms of
the mixing rate Ry; and the doubly Cabibbo-
suppressed rate Rp, and in terms of Ry, and
the interference between the two amplitudes,
are shown in Fig. 3.

Contours

Table 3. Mixing-rate central values manifestly per-
mitting CP violation (D° and D° samples are fit
separately). The first listed uncertainty is statisti-
cal, and the second is systematic.

Mode Ryr
DY — Ktg— 70 (0.010 + 3-922 +0.003) %
DY — Ktn—mtg— (0.017 £ §:317 £0.003) %
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Fig. 4. AlnL as a function of Rjs for sepa-
rate and combined results of D® — K+7~ 7% and
DY — K+r—atx~. (On the axis, the natural loga-
rithm is denoted log.)

4. Results and Summary

The central values we obtain for the mix-
ing rate Rjs, with and without the assump-
tion of CP invariance, and for |p/q|, param-
eterizing CP violation in mixing, are given
in Tables 1-3. We multiply the likelihood
functions from the individual analyses to ob-
These AlnL(Rys)
curves are shown in Fig 4. We extract a cen-

tain combined results.

tral value and an uncertainty from the com-
bined curve using the same procedure as for
each individual result. With this method, we
find Rps = (0.020 7)515)%, where the uncer-
tainty is statistical only. We determine the
upper limit Ry; < 0.042% at the 95% confi-
dence level, and we find the combined data
are consistent with the no-mixing hypothesis
at the 2.1% confidence level, as determined
from the Aln L(Rps) curve.

In the future, we hope to combine these
results with those from other modes and from
other experiments.

Acknowledgments

We are grateful for the excellent luminos-
ity and machine conditions provided by our

PEP-II colleagues, and for the substantial
dedicated effort from the computing organi-
zations that support BABAR. The collaborat-
ing institutions wish to thank SLAC for its
support and kind hospitality. This work is
supported by DOE and NSF (USA), NSERC
(Canada), THEP (China), CEA and CNRS-
IN2P3 (France), BMBF and DFG (Ger-
many), INFN (Ttaly), FOM (The Nether-
lands), NFR (Norway), MIST (Russia),
MEC (Spain), and PPARC (United King-
dom). Individuals have received support
from the Marie Curie EIF (European Union)
and the A. P. Sloan Foundation.

References

1. G. Burdman and I. Shipsey, Ann. Rev. Nucl.
Part. Sci. 53, 431 (2003).

2. A. J. Schwartz, in Proceedings of the
International Workshop on Discoveries
in  Flavour Physics at eTe™ Colliders
(DIF 06), Frascati, Rome, Italy, 2006,
arXiv:hep-ex/0605032.

3. BABAR Collaboration, B. Aubert et al.,
“Search  for ~ DY-D° Mixing  and
Branching-Ratio Measurement in the Decay
DY — K+tn= 707 Submitted to Phys. Rev.
Lett., arXiv:hep-ex/0608006.

4. BABAR Collaboration, B. Aubert et al.,
“Search for DY-D° mixing in the decays
DY — Ktn~nTx™) Contributed to the
33" International Conference on High En-
ergy Physics (ICHEP 06), Moscow, Russia,
2006, arXiv:hep-ex/0607090.

5. CLEO Collaboration, G. Brandenburg et
al., Phys. Rev. Lett. 87, 071802 (2001).

6. Belle Collaboration, X. C. Tian et al., Phys.
Rev. Lett. 95, 231801 (2005).

7. E791 Collaboration, E. M. Aitala et al. ,
Phys. Rev. D 57, 13 (1998).

8. CLEO Collaboration, S. A. Dytman et al.,
Phys. Rev. D 64, 111101 (2001).

9. M. Pivk and F. R. Le Diberder, Nucl. In-
strum. Meth. A 555, 356 (2005).

10. CLEO Collaboration, S. Kopp et al., Phys.
Rev. D 63, 092001 (2001).

11. Particle Data Group, W.-M. Yao et al., J.
Phys. G 33, 1 (2006).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


